Can performing simple motor actions help people learn the meanings of words? Here we show that placing vocabulary flashcards in particular locations after studying them helps students learn the definitions of novel words with positive or negative emotional valence. After studying each card, participants placed it on one of two shelves (top or bottom), according to its valence. Participants who were instructed to place positive cards on the top shelf and negative cards on the bottom shelf, consistent with metaphors that link "good" with "up," remembered the words' definitions better than participants who followed the opposite spatial mapping, and better than control participants who placed all of the cards on the desktop. Saying "up" and "down" after studying the cards was ineffective, suggesting a privileged role for motor action in activating space-valence associations that partly constitute the meanings of emotionally charged words. These results provide a first demonstration that mental metaphors can be activated strategically to improve (or impair) word learning: We call this the strategic use of mental metaphor (SUMM) effect. Even when multiple factors known to enhance encoding of verbal materials into long-term memory were matched across conditions (e.g., study time, repetition, distinctiveness, depth of processing), metaphor-congruent motor actions led to better elaborated, more durable memories.
Introduction
When people talk about ideas with positive and negative emotional valence, they often use spatial metaphors. "Good" is associated with the top and "bad" with the bottom of an imaginary spatial continuum (e.g., her spirits soared; her hopes sank; Lakoff & Johnson, 1980 , 1999 . Beyond language, it appears that people conceptualize positive and negative ideas, in part, using mental metaphors: mappings between nonlinguistic representations in the concrete domains of space and motion, which can be experienced through perceptuo-motor interactions with the physical world, and in the relatively abstract domain of emotional valence which can only be experienced through introspection or interoception.
Links between vertical motion and valence can be seen in spontaneous expressions of pride and shame found across cultures (e.g., raising the arms above the head; slumping the shoulders; Tracy & Matsumoto, 2008) . Inducing an upright or slumped posture in the laboratory can influence the amount of pride people express (Stepper & Strack, 1993) and the efficiency with which they retrieve positive and negative memories (Riskind, 1983) , demonstrating a causal relationship between vertical motion and emotion.
Just as socially meaningful postures and gestures can cue positive or negative feelings and memories, so can meaningless upward and downward motor actions. Casasanto and Dijkstra (2010, Expt. 2) randomly assigned participants to move marbles either upward or downward, from one cardboard box to another, while retrieving and retelling autobiographical memories in response to neutral-valence prompts (e.g., Tell me about something that happened yesterday). Participants recounted positive memories more often during upward movements and negative memories more often during downward movements, demonstrating that repetitive motor actions with no semiotic value can activate the spatio-motor representations that, by hypothesis, partly constitute emotional memories.
If metaphor-congruent motor actions can influence memory retrieval, can they also be harnessed to improve learning? Here we investigated whether activating mental metaphors from vertical space to valence can help people learn the definitions of positive and negative words, and if so, whether it is more effective to activate these associations via verbal or nonverbal means. 
